stratigraphically correlated to the Liulaobei Formation). Chemostratigraphic correlations 6 and Sr isotope data 7 also point towards a Tonian age for the Liulaobei Formation, while the presence of Chuaria, Ellipsophysa and Tawuia assemblages in the Liulaobei and the Jiuliqiao Formations, and of characteristic early Neoproterozoic acritarchs (Trachyhystrichosphaera aimika) in the Liulaobei Formation is consistent with a pre-Cryogenian age 1, 2, 6 . Taken together, these constraints suggest an early Neoproterozoic (early Tonian) age (~900-1000 Ma) for the succession.
Samples were collected from freshly exposed outcrops. Exceptional acritarch preservation and acritarch light colouration in the Huainan and the Huaibei regions suggest low grades of thermal maturity and little evidence for metamorphic alteration 2, 6 or pervasive oxidative weathering. High FeCarb contents (55% of the highly reactive Fe on average, Table S1 ) suggest Fe preservation as Fe(II) and limited post-depositional sulphide oxidation. Even with partial oxidation upon exposure, FeHR/FeT ratios are largely preserved, and the high FeHR/FeT ratios throughout most of the section therefore strongly support anoxic depositional conditions. Furthermore, in the unlikely scenario of near-complete post-depositional oxidation of pyrite, but not Fe(II) in carbonates, all of the Fe released from pyrite would be present as FeOx.
Taking the worst case scenario that all of the FeOx arises from pyrite oxidation, the anoxic samples still largely record a ferruginous, rather than euxinic, water column signal (115 samples out of 122 still record ferruginous anoxia). Such extensive pyrite oxidation would result in the presence of weathering products such as poorly crystalline Fe(III) oxides and elemental sulphur, which were never detected in our samples. Eq. S1
where M0 is the amount of sulphate-S in the ocean (mol) Eq. S2 where δ is the isotope composition of each flux (in ‰) and ∆S is the S isotope fractionation between sulphide and sulphate phases (δPy -δ0 in ‰).
Input parameters are summarised in Table S2 (modern input parameters and associated isotope compositions are from ref [17] . Sedimentation rates are poorly constrained for the ~200 m thick sediments studied here, and three different estimates for dδ0/dt were explored using various deposition rates (10, 20 and 40 m/Ma). We assumed that our δCAS data are reflective of the isotopic composition of seawater sulphate, δ0. For δPy, we took different average points to best represent the temporal trend in δPy and account for moderate spatial variability (Fig. 1) . ∆S was taken as the difference between δPy and δ0. However, at the bottom of the Jiuliqiao Formation where δPy approaches δ0, apparent ∆S may be biased by Rayleigh-like fractionations and we assumed that ∆S was effectively similar to the rest of the succession where the full expression of ∆S is recorded (26.3‰).
For the input and output S fluxes and their associated isotope composition, three different scenarios were tested against modern estimates (Table S2 ). The hydrothermal S flux and its isotopic composition (FM, δM) were assumed to approximate modern values 17 . For FV, we used the lower estimate of modern fluxes 23, 24 to account for restricted volcanic degassing on the Rodinia supercontinent, and δM was assumed to approximate modern values. We varied the weathering flux Abundant anhydrite and gypsum pseudomorphs associated with this increase in evaporitic deposition have been reported 27, 28 , in contrast to the halite-dominated record of the largest previous evaporitic basin (~1.87 Ga Stark Formation) where gypsum and anhydrite pseudomorphs are exceptionally rare, if observed at all 29 .
Sulphate removal as continental evaporites records the isotope composition of the source, δW, as opposed to δ0. At steady state, the sum of output fluxes balances the sum of input fluxes (i.e. FPy + FEvap = FW + FV + FM). Our isotope data ( 34 S enriched pyrite) suggest that the vast majority of S was removed as pyrite in the basin. FEvap was set to match mass balance.
In both scenario 1 and 2, FPy overwhelms the modern value, whereas it is quite clear that pyrite contents in our study are below the modern average mudstone content 31 .
Scenario 3, which extensively reduces FW through evaporite deposition on Rodinia, allows FPy to agree with the observations that i) pyrite contents are ~2 times lower than in the modern environment, and ii) the pyrite burial flux accounts for most of the S removal mechanism in the basin. Sensitivity tests on δW and deposition rates are illustrated by Fig. S3 . 
